There have been few studies on the relationships of the dietary polyunsaturated to saturated fatty acid ratio (P/S) to cardiovascular risk factors and metabolic syndrome. We hypothesized that there would be favorable relationships. Methods: Metabolic cardiovascular risk factors from dietary nutrient intake were investigated in 1,004 men and women aged 40 − 59 years from 4 population samples of Japanese. Multiple linear regression analysis was used to examine the relationship of the dietary P/S ratio to the following risk factors: hemoglobin A1c, blood pressure, serum triglycerides, LDL and total cholesterol, and HDL-cholesterol. Adjusted odds ratio of having metabolic syndrome was also calculated. Results: The dietary P/S ratio was significantly and inversely related to serum total and LDL cholesterol with control for possible confounding variables. We did not find any significant relationship between the P/S ratio and single metabolic risk factors or the prevalence of metabolic syndrome. Conclusions: Managing the P/S ratio is important to control serum LDL-cholesterol; however, increasing the P/S ratio may not improve metabolic risk factors. Other countermeasures, such as weight control, greater physical activity, and smoking cessation should be recommended to prevent and control metabolic syndrome. 
Introduction
During the past several decades, serum total cholesterol (TC) has been increasing in Japan. This trend is considered to be due to westernization of the diet, with higher meat and lower fish intake, i.e., a diet with a low ratio of polyunsaturated to saturated fatty acids (P/S ratio) [1] [2] [3] [4] [5] . The prevalence of most metabolic syndrome (MetS)-related risk factors, i.e., obesity, adverse blood pressure, elevated blood glucose, high triglycerides (TG), and reduced high-density lipoprotein cholesterol (HDL-C), has also been increasing 6, 7) . A relevant question is whether the composition of dietary fatty acids, specifically the P/S ratio, affects metabolic risk factors, as well as low-density lipoprotein cholesterol (LDL-C) and TC. To our knowledge, there have been few studies on this matter 8) .
To examine the association of the P/S ratio with each metabolic cardiovascular risk factor and the prevalence of MetS in Japanese, we analyzed data on individuals from Japanese population samples of the INTERLIPID study, an ancillary study of the INTERMAP study. The INTERMAP study is a highly standardized, international cooperative study on macro− micronutrients and blood pressure, with dietary nutrient intake evaluated by four in-depth 24 h dietary recalls and two timed 24-h urine collections per person [9] [10] [11] .
Methods

Population Samples
The participants were Japanese from the INTER-LIPID study, living in Japan 11) . The INTERLIPID study investigated dietary nutrient intake and cardiovascular risk factors in four Japanese population samples in Japan and a Japanese-American population sample in Hawaii. Methods of the INTERMAP and INTERLIPID studies have been reported [9] [10] [11] ; a brief description is given here.
The participants, men and women aged 40 − 59 years, were recruited randomly from four populations in Japan (Aito town, Sapporo, Toyama, and Wakayama). Of 1145 participants, we used data on 1004, excluding those who were taking medication related to cardiovascular risk factors (antihypertensive, antidiabetic or lipid-lowering agents). The Ethics Committees of Kanazawa Medical University, Sapporo Medical University, Shiga University of Medical Science, and Wakayama Medical University approved the study protocol. Written informed consent was obtained from all participants.
Anthropometric and Lifestyle Assessment
Each participant attended the local research center four times: two visits on consecutive days and a further two such visits on average 3 weeks later. Height and weight were measured during the first and third visits, with light clothes and no shoes. Blood pressure (BP) was measured twice on all four days with a random zero sphygmomanometer after at least 5-min rest. Trained observers used a standard questionnaire to inquire about physical activity, smoking status, previous medical history of cerebro-cardiovascular disease/diabetes, use of medication, etc.
To evaluate physical activity, questions were posed about the number of hours/day spent on heavy activity, moderate activity, light activity, watching TV, other sedentary activities, and inactivity (sleeping); the interviewer ensured that the total time added up to 24 hours. A physical activity index was calculated by multiplying the time spent for different activities by corresponding weighting factors that parallel the increased rate of oxygen consumption associated with increasingly intense physical activity; the procedure followed the method in the Framingham Offspring Study 12) .
Dietary Assessment
At each of the four visits, an in-depth multi-pass 24-h dietary recall was conducted with each participant by a specially trained dietary interviewer. Standardized quality control procedures were used to assess and maximize the quality of dietary data throughout data collection 10) . Standard Tables for Food Composition in Japan (4th edition) with matched fatty acid values and micronutrients were used to calculate nutrient intake. The Nutrition Coordinating Center, University of Minnesota, in cooperation with the INTERMAP Japanese national nutrition center (Shiga), up-dated/standardized the country-specific database on nutrient composition of all foods consumed by Japanese INTERMAP participants 10, 13, 14) . Daily alcohol consumption over the previous seven days was obtained twice by interview. Consumption of alcohol during the previous 24h was also obtained during each 24-h dietary interview.
Blood Examination
For the INTERLIPID study, non-fasting blood was drawn on the second day of the first pair of visits. Serum and plasma were obtained by centrifugation within 30 min of blood drawing, and were immediately refrigerated. All specimens were frozen and stored locally at 70 . Serum lipids, glycated hemoglobin A1c (HbA1c), and other variables were measured in a central laboratory 6 − 12 months later. For these analyses, samples were shipped on dry ice to the central laboratory in Japan. Individual samples from the four centers were allocated for analysis randomly, to avoid systematic measurement bias.
The central laboratory was standardized using the Lipid Standardization Program (Centers for Dis-ease Control and Prevention, Atlanta, USA), and successfully met the criteria of precision and accuracy for control measurements 15) . The laboratory is currently a member of the Cholesterol Reference Method Laboratory Network (CRMLN) 16) . Except for measurement of HbA1c, serum was analyzed using an autoanalyzer (7107; Hitachi, Tokyo, Japan). HbA1c was measured by a high-performance liquid chromatography method standardized by the Japanese Diabetes Society.
Diagnosis of MetS was based on the latest criteria of the International Diabetes Federation (IDF) 17) , modified because of the absence of waist circumference and fasting blood sugar in our study; the presence of three or more of the following 5 components 
Analyses
For each person, the mean of individual nutrients from the four 24-h dietary recalls was used for analyses. P/S ratio was calculated as polyunsaturated fatty acid (PFA) intake (mg/24h) divided by saturated fatty acid (SFA) intake (mg/24h). BMI was calculated as weight divided by height squared (kg/m 2 ). Average number of cigarettes per day was calculated, excluding non-smokers. For descriptive purposes, means and standard deviation (SD) or percentages were calculated. One-way analysis of variance for continuous variables or chi-squared tests were used for comparison among P/S ratio quartiles. Multiple linear regression analyses were used to examine the relationship of intakes of PFA and SFA (%kcal) and the P/S ratio with each metabolic risk factor (BMI, HbA1c, BP, HDL-C, and TG), LDL-C, and TC. Logistic regression was used to calculate odds ratio (ORs) and its 95% confidence interval (CI) for risk of MetS, with individuals in the lowest quartile of P/S ratio as the reference group. For multiple linear regression and logistic regression analyses, we adjusted for age (years), sex, cigarette smoking, alcohol consumption, physical activity index, and education as possible confounding factors in model 1; for model 1 variables plus BMI in model 2; and for model 2 variables plus systolic BP, HDL-C, LDL-C, TG and HbA1c except for the analyzed variable (coefficient for TC was not adjusted for LDL-C) in model 3. TG levels were log transformed for analyses. Statistical significance was set as an unadjusted P value 0.05. SPSS for Windows 14.0 (SPSS Inc., Chicago, IL) was used for statistical analysis.
Results
Descriptive Statistics
The mean value and SD of the P/S ratio in all participants was 1.08 0.32 (1.12 0.01 in men, 1.03 0.01 in women). Descriptive information statistics by quartiles of the P/S ratio are shown in Table 1 . Age, percentage of men, percentage of current smokers, and alcohol consumption were significantly higher with higher P/S ratio. LDL-C level was significantly lower with a higher P/S ratio. Intake of vegetables and fish/shellfish was significantly higher in the higher P/S ratio quartiles; intake of meat, milk, and fruit was significantly higher in the lower P/S ratio quartiles.
Relations of P/S Ratio to Risk Factors
Total PFA intake (%kcal) tended to be inversely related to serum TG, serum TC and serum LDL-C, whereas it was significantly and positively related to serum HDL-C in model 1 and 3 ( Table 2) . Total SFA intake (%kcal) was positively related to serum HDL-C and HbA1c in all models.
With control for possible confounding variables, the P/S ratio was significantly and inversely related to serum TC and serum LDL-C in model 1, 2 and 3 ( Table 2 ). There was a significantly inverse relationship of the P/S ratio with systolic BP in model 2 (p 0.03). The relationship between the P/S ratio and HbA1c was marginal. The P/S ratio did not relate significantly to BMI, HDL-C, TG, or diastolic BP in any model.
Using the modified criteria of MetS, 87 participants (54 men and 33 women) (8.67%) were classified as having MetS. In logistic regression analysis, the P/S ratio did not relate significantly to the prevalence of MetS with multivariate adjustment (Table 3) .
Discussion
The main findings of this study are: the dietary P/S ratio was significantly related inversely to serum TC and serum LDL-C, but not to individual metabolic risk factors or to the prevalence of MetS with control for possible confounders.
The strength of this study is that nutrient intake data were from the INTERMAP Study, a highly standardized, international cooperative study on macro− micronutrients and blood pressure. Four in-depth 24-h dietary recalls were conducted with each participant at four visits, by specially trained dietary interviewers. Standardized quality control procedures were used to assess and maximize the quality of dietary data throughout data collection 10) . Standard Tables for Food Composition in Japan (4th edition) with matched fatty acid values and micronutrients were used to calculate Japanese nutrient intake 10, 13, 14) . The polyunsaturated to saturated fatty acid ratio (P/S) is an index of dietary fatty acid composition. This ratio is known to relate to serum TC and LDL-C [18] [19] [20] [21] [22] . Increased dietary PFA and decreased dietary SFA, i.e., increased dietary P/S ratio, are effec- Obtained by analysis of variance or chi-square test among the quartiles of P/S ratio. The presence of three or more of the following components was defined as MetS: BMI ≥ 25 kg/m 2 ; systolic or diastolic BP ≥130 or 85 mmHg; HDL-C 40 mg/dL (1.04 mmol/L) for men or 50 mg/dL (1.29 mmol/L) for women; TG ≥150 mg/dL (1.79 mmol/L); and HbA1c ≥ 5.6%. P/S ratio, dietary polyunsaturated/saturated fatty acid ratio; PFA, polyunsaturated fatty acids; SFA, saturated fatty acids; BMI, body mass index; BP, blood pressure; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides; MetS, metabolic syndrome; MFA, monounsaturated fatty acids. tive in lowering TC and LDL-C. Our results are consistent with these previous findings.
The type of dietary fat (degree of saturation) can play a role in glucose metabolism 23) . Polyunsaturated fat intake was reported to be inversely associated with plasma insulin levels, and higher saturated fat intake worsened insulin sensitivity 24, 25) ; however, changes in dietary fat quality had no effect on insulin sensitivity 26, 27) . Intake of n-3 fatty acid and linoleic acid was reported to inversely relate to BP 8, 28) . Thus, it is plausible that the P/S ratio may be inversely related to BP.
We have already reported that long-chain n-3 polyunsaturated fatty acid intake is positively related to HDL-C 29) . Fish intake and/or n-3 fatty acid intake are known to inversely relate to TG [30] [31] [32] . Thus, it is plausible to hypothesize that the P/S ratio relates inversely to having MetS or metabolic risk factors. However, only a small part of total PFA intake is from longchain n-3 polyunsaturated fatty acid, even in Japanese with high fish intake, and its influence on the P/S ratio would be limited 29) . Consequently, we did not find any significant independent relationship between Log transformed values were used for analysis. PFA, polyunsaturated fatty acids; SFA, saturated fatty acids; P/S ratio, dietary polyunsaturated/saturated fatty acid ratio; BMI, body mass index; SE, standard error; BP, blood pressure; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides. the P/S ratio and metabolic risk factors, or the prevalence of MetS.
Our results suggest that to manage MetS, changing the P/S ratio, i.e., recommending a non-westernized (e.g., Japanese-style) diet, is not enough. Other countermeasures, such as higher physical activity and reduced energy intake to reduce excess body weight should be recommended. Smoking cessation also has potential to improve these components. Several studies have shown that smoking induces insulin resistance or hyperinsulinemia [33] [34] [35] . Cigarette smoking also increases abdominal obesity, as well as playing a role in elevated TG levels and lower HDL-C levels 36, 37) . The limitations of this study are: First, it is crosssectional, therefore, the causality of the relationships is not clear. Second, we used BMI instead of waist circumference to define MetS. Diagnosis of MetS was based on the criteria of the new International Diabetes Federation (IDF) 17) . However, this use of BMI is probably acceptable because BMI and waist circumference correlate strongly with each other and many papers have used BMI instead of waist circumference.
In conclusion, our findings further confirm that the dietary P/S ratio is inversely associated with TC and LDL-C. Improvement of dietary lipid intake leading to a higher P/S ratio is important to prevent coronary artery disease by controlling LDL-C; however, without prevention/control of overweight/obesity, this intervention may not improve other metabolic risk factors. Other measures, particularly higher physical activity, reduced energy intake, and smoking cessation, are needed to improve metabolic risk factors and MetS. Odds ratios were adjusted for age, sex, current smoking, alcohol consumption, physical activity index, and education using multiple logistic regression. P/S ratio, dietary polyunsaturated/saturated fatty acid ratio; CI, confidence interval.
